Two patients with acute myeloid leukaemia developed hypouricaemia during the period of their illness. Renal clearance studies showed that the hypouricaemia was associated with an increased urate clearance, renal aminoaciduria, and an episodic increase in phosphate clearance. These findings together with an inadequate suppression of urinary urate excretion after the administration of pyrazinamide suggest proximal tubular dysfunction affecting reabsorption of a wide variety of substances. Ten more patients with acute leukaemia were studied and the results indicate that this lesion develops in a large proportion of patients with acute myeloid leukaemia.
Introduction
An increase in the serum urate level is a common finding in acute leukaemia and lymphoma (Weisberger and Perksy, 1953; Gold and Fritz, 1957; Kritzler, 1958) . Hypouricaemia is an unexpected development in diseases characterized by an increase in uric acid production. The case reports of two patients with acute myeloid leukaemia in whom serum uric acid concentration fell below 2 mg/100 ml during the course of their illness are presented. Renal clearance studies and amino-acid chromatography showed proximal tubular dysfunction with some features normally seen in association with the adult Fanconi syndrome (Leaf, 1966) .
Methods
Inorganic phosphorus was estimated by the method of Gomorri (1942) using p-dimethylaminophenol sulphate as reducing agent. Uric acid and creatinine concentrations were estimated in a Technicon AutoAnalyzer. Paper chromatography was University Department of Clinical Haematology, Manchester Royal Infirmary, Manchester M13 9WL M. AFZAL MIR, M.R.C.P., D.C.H., Registrar I. W. DELAMORE, PH.D., F.R.C.P., Physician in Charge performed on the original urine and the extent of aminoaciduria was assessed by visual comparison of the specks with the known spots of various amino-acids. Plasma amino-acid levels were determined by ion-exchange chromatography (Thomas, 1970) . Three-hour clearances were performed before and after the administration of pyrazinamide to assess the tubular reabsorption of urate. A high intake of oral fluids was maintained to facilitate spontaneous voiding. Urinary and serum lysozyme concentrations were determined by the turbidimetric method of Parry et al. (1965) . Other investigations were performed by standard laboratory methods.
Case Reports CASE 1
A 58-year-old woman was admitted to hospital with pallor and moderate hepatosplenomegaly. Haematological studies showed a white cell count of 2,800/mm3 (15% were blast cells), a haemoglobin level of 9 1 g/100 ml, and a platelet count of 91,000/mm3. A marrow aspirate was hypercellular with 90% myeloblasts. Serum albumin was 3-5 g/100 ml, serum globulin 3-9 g/100 ml, serum vitamin B12 277 pg/ml, serum calcium 9-6 mg/100 ml, and serum inorganic phosphorus 3-4 mg/100 ml. Serum and urinary muramidase (lysozyme) concentrations were 4-2 Hg/ml (normal 3-13 ug/ml) and 2-5 pg/ml (normal <2 ,g/ml) respectively. The blood urea was 28 mg/100 ml, and three daily serum urate estimations ranged from 4-6 to 5-2 mg/100 ml (average 4 9 mg/100 ml). Serum transaminases, bilirubin, alkaline phosphatase, and electrolytes were normal. A 24-hour phosphate clearance was 9 ml/min with a phosphate clearance to creatinine clearance ratio of 0 11 (normal <0-2; Nordin and Fraser, 1960) . There was no glucosuria, no Bence Jones proteinuria, and the urinary amino-acid chromatographic pattern was normal.
A five-day course of cytotoxic therapy consisting of a single intravenous administration of daunorubicin (1-5 mg/kg body weight) and five daily intravenous injections of cytarabine (2 mg/kg body weight) was begun on the third day in hospital. Serum urate was 4 mg/100 ml and fell to 1-3 mg/100 ml two days after the second course of chemotherapy. The results of urate and creatinine clearance studies are shown in table I. Serum calcium was 8-6 mg/100 ml and serum inorganic phosphorus 2-2 mg/100 ml. A 24-hour phosphate clearance was 45 ml/min with a phosphate clearance to creatinine clearance ratio of 0-95. There was no glucosuria. Paper chromatography showed a generalized aminoaciduria. The arterial blood pH was 7-44 and serum bicarbonate 28 mEq/l. An acid load of 0-1 g/kg body weight of ammonium chloride produced a minimum urinary pH of 5-3 (normal pH <5 3; Wrong and Davies, 1959) . Serum potassium fell to 3-2 mEq/l. The mean daily potassium output was 42 mEq against an intake of 48 mEq. During the next 18 days serum urate ranged from 1 to 2-1 mg/100 ml. Daily urate and creatinine clearance studies showed a persistently high urate clearance. The phosphate clearance fluctuated between 6 and 42 ml/min but remained below 10 ml/min after the 30th day in hospital.
A bone marrow remission was achieved in the sixth week. The ratio of the excreted urate to the filtered urate (UurV X 100/Fur) fell from 49% to 922% after remission and the serum uric acid level increased to 5 mg/100 ml (table I) . The urinary amino-acid chromatographic pattern returned to normal.
CASE 2
A 50-year-old woman was admitted with weakness and marked hepatomegaly. Initial investigations showed a haemoglobin level of 7 g/100 ml and a white cell count of 7,200/mm3 with 34% blast cells. A marrow specimen contained 60% myeloblasts. Serum albumin was 3-8 g/100 ml., serum globulin 3 3 g/100 ml, and blood urea 20 mg/100 ml with a 24-hour phosphate clearance of 6 ml/min. Serum calcium was 9-6 mg/100 ml and serum phosphate 3-7 mg/100 ml. Serumelectrolytes, bilirubin, alkaline phosphatase, and transaminases were within normal limits. A urinalysis of a freshly voided specimen showed a pH of 5, 1% sugar, and a normal amino-acid chromatographic pattern. The 24-hour urinary protein excretion was 185 mg and immunoelectrophoresis did not show the presence of Bence Jones protein. The fasting blood sugar level was 165 mg/100 ml and three determinations of serum uric acid ranged from 2-5 to 3-5 mg/100 ml.
Additional investigations showed a serum muramidase concentration of 23 sg/ml, a urinary muramidase concentration of 1 sg/ml, and a diabetic glucose tolerance curve.
Three days after the first course of cytotoxic therapy serum urate fell to 17 mg/100 ml, serum calcium to 8-8 mg/100 ml, and serum inorganic phosphorus to 2-7 mg/100 ml, and a 24-hour phosphate clearance increased to 30 ml/min with a phosphate clearance to creatinine clearance ratio of 014. Paper amino-acid chromatography now showed the presence of a generalized aminoaciduria and the 24-hour urinary protein excretion reached a maximum of 1-2 g, with a predominant electrophoretic mobility in the albumin and 2-globulin regions. The arterial blood pH was 7-42 and the urine pH after an acid load was 5-1. Plasma bicarbonate was 26 mEq/l. The urate and creatinine clearance data are shown in table I.
The effect of pyrazinamide was studied and the results are shown in table II. Plasma amino-acid concentrations were found to be within normal limits. The mean daily urinary potassium was 98 mEq against a mean intake of 57 mEq/day. She was followed up as an outpatient for 18 weeks and repeated estimations of serum urate ranged from 0-8 to 1-8 mg/100 ml. The ratio of the excreted urate to that of the filtered urate remained high (table I) but phosphate clearance showed wide fluctuations from 32 ml/min in the 14th week to 8 ml/min in the 16th week. A generalized aminoaciduria was found to be present on each visit. The administration of pyrazinamide produced only a 34% reduction (normal > 80%; Steele and Rieselbach, 1967) in urate excretion in the 14th week.
OTHER CASES
The data from these two patients suggested an impairment in renal tubular reabsorption of urate, phosphate, and amino-acids. Ten consecutive patients with acute leukaemia were studied to investigate whether proximal tubular dysfunction occurred as a part of the disease. Urate clearance was found to increase in all the 10 patients. The serum uric acid level increased in two patients with acute lymphoblastic leukaemia and fell in the other eight patients with acute myeloid leukaemia (table III) . Hypouricaemia developed in two of these patients (cases 5 and 11). A variable increase in phosphate clearance occurred in all patients after antileukaemic therapy. 
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A generalized aminoaciduria developed in two patients (cases 3 and 11) before cytotoxic drugs had been started. In three other patients (cases 5, 7, and 9) aminoaciduria appeared during the first course of antileukaemic therapy. Plasma amino-acids were determined in case 7 and found to be within normal limits. The pyrazinamide suppression test was used in six patients (cases 3, 5, 7, 9, 10, and 11), and there was only a partial suppression (average 540%) in the prepyrazinamide urinary urate excretion in three patients (cases 3, 7, and 9) and an average of 34% suppression in cases 5 and 11. These results indicate an incomplete tubular reabsorption of urate. Case 10 showed a normal response to the administration of pyrazinamide with more than 80% reduction in urinary urate excretion.
Up to the time of writing a haematological remission was achieved in cases 3 and 5 after five and nine courses of chemotherapy respectively. Both these patients continued to receive monthly maintenance cytotoxic therapy. Serum urate increased to over 5 mg/100 ml and there was a normal response to the pyrazinamide suppression test in both cases. The abnormal urinary amino-acid chromatographic pattern persisted in case 5, however.
Of the seven patients (cases 1, 2, 3, 5, 7, 9, and 11) showing evidence of proximal tubular dysfunction two (cases 3 and 11) developed the renal lesion before the administration of any drugs.
Discussion
Hypouricaemia was an unexpected development since in both of the patients described there was a heavy blast cell infiltration of bone marrow and, presumably, of other organs. Blast cells are a rich source of phosphorus (Rigas et al., 1956 ) and hyperphosphataemia has been observed after antileukaemic therapy (Zusman et al., 1973) . Hyperuricaemia and hyperphosphataemia seem to be more logical sequelae to excessive destruction of tissues rich in nucleoproteins and phosphorus as a result of cytotoxic therapy.
Normally filtered urate is believed to be reabsorbed completely and 5% to 100% of the filtered load is excreted by the distal tubule (Gutman, 1964; Steele and Rieselback, 1967) . Pyrazinamide, a third-line antituberculous drug, has been found to decrease tubular secretion of uric acid (Steele and Rieselbach, 1967; Gutman et al., 1969) . Only about 2% of the filtered load of urate is excreted by normal persons after a single dose of 3 g pyrazinamide. In three patients with hypouricaemia (cases 2, 5, and 11) this fraction exceeded 20%. This finding suggests an impairment in the renal tubular reabsorption of the filtered urate.
The fall in the serum urate level in the two patients described here was associated with an increased renal clearance of urate and phosphate. Aminoaciduria developed in five of the other 10 patients studied. Plasma amino-acids were found to be within normal limits in two patients. These data indicate that impaired tubular reabsorption was the major factor responsible for the fall in the serum uric acid level.
These abnormalities outlined are seen in the adult Fanconi syndrome. Additional features associated with the syndrome but not seen in our patients are renal acidosis, glucosuria, and osteomalacia (Wallis and Engle, 1957; Leaf, 1966) . The impairment of tubular reabsorption seems to involve mostly urate, phosphate, and presumably potassium-substances which are released from blast cells after effective chemotherapy. Hyperkaluria leading to hypokalaemia has been observed in 59% of the patients with acute myeloid leukaemia (to be published).
The adult Fanconi syndrome has been reported in association with various malignant states including multiple myeloma (Sirota and Hamerman, 1954) Costanza and Smoller, 1963) , ovarian carcinomatosis (Clay et al., 1953) , carcinoma of the pancreas (Myerson and Pastor, 1954) , and carcinoma of the liver (Stowers and Dent, 1947) . Hypouricaemia has been reported in patients with Hodgkin's disease (Bennett et al., 1972) and carcinoma of the lung (Weinstein et al., 1965) .
The proximal tubular dysfunction with impaired tubular reabsorption, as indicated by aminoaciduria, a fall in serum urate, and an increase in phosphate clearance, seems to develop in many more patients with acute myeloid leukaemia than in any other malignant condition so far reported. A high frequency of renal tubular disturbance as seen in this series is suggestive of a causal relationship between the abnormal myeloid cells and the impairment in renal reabsorption. Muggia et al. (1969) postulated that muramidasuria might be related to hypokalaemia in patients with acute monocytic and myelomonocytic leukaemia. Hypouricaemia was not present in their patients. In one of the two patients described (case 2) the urinary muramidase concentration was within normal limits.
The renal tubular disorder can not be attributed to antileukaemic therapy since in two patients the lesion developed before the administration of these drugs and in two patients the tubular dysfunction improved during remission despite maintenance cytotoxic therapy. The most likely cause for the development of the renal tubular deficit in these patients seems to be the release of unidentified metabolites from the abnormal myeloid cells which may compete for tubular reabsorption with the normal substances in the glomerular filtrate. This view is compatible with the fact that the lesion recovered with the onset of remission in cases 1 and 3. It would also explain the observed variability in the severity of these abnormalities and the fluctuation of phosphate clearance seen in all patients.
Though not attributable to a direct toxic effect ofantileukaemic therapy the hypouricaemia develops in most cases after the destruction of abnormal myeloid cells by cytotoxic drugs. Hyperuricaemia certainly occurs in some patients but the incidence of this complication in acute myeloid leukaemia is much lower than is commonly believed. Our studies on the patients presented and on other patients suggest that there is a high frequency of proximal renal tubular dysfunction, which affects reabsorption of urate, in acute myeloid leukaemia. This acts as a "safety valve" and prevents the development of hyperuricaemia.
